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Abstract: A parallel resistorless analog-to-digital converter (ADC) architecture based on CMOS 

inverters used as comparators is investigated. Its advantages are the fully digital structure, the lack of 
resistor ladder and the asynchronous mode of operation, which diminishes both area and power and makes 
it suitable for system-on-chip solutions. The ADC is made of so-called “threshold inverter comparators” (TIC) 
with built-in threshold voltage which depends on the ratio of transistor areas. A method for an automatic 
determination of the sizes of the N-channel and P-channel MOS transistors is proposed. The static and 
dynamic behavior of the ADC is studied. Recommendations for future investigation are given. 
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INTRODUCTION 

The bursting development of mixed-signal system-on-chip (SOC) applications leads to a 
growing need of more sophisticated in terms of speed, area, noise immunity, etc., circuit 
designs. This is particularly important in analog-to-digital converter (ADC) design, which is 
often the bottleneck in the design of SOC solutions. The flash architectures constructed of 
latched comparators are preferred for their speed and inherent monotonicity, but they have 
large area and power dissipation. In addition, the latched comparators cause substantial 
noises on the input signal (kickback noise [4]) and on the supply voltage lines. The present 
work investigates the features of an asynchronous resistorless threshold inverter 
comparator (TIC) ADC. It is organized as follows: a brief overview of the problem is 
presented, the method for comparator threshold voltage VTHI is presented, an example is 
given and its static and dynamic characteristics are discussed. 

An asynchronous ADC based on CMOS inverters (Fig. 1) was proposed in [2]. Stages 
with the so-called “dynamic hysteresis” [1, 3] are connected after the comparators. They 
are Schmitt triggers with time controllable noise immunity, that is, with a single threshold 
voltage, so that they do not degrade comparison accuracy. The operation of the ADC is 
asynchronous, i.e. the switching of the 2n comparators is more or less uniformly distributed 
with respect to the input signal. Thus the noises on the power supply lines are reduced 
and the total power consumption compared to the pure flash ADC may be diminished from 
2 to 5 times depending on the input signal shape. 

 

 
 

 

Figure 1.  Parallel resistorless ADC based on TIC Figure 2.  CMOS inverter used as TIC 

In [7] a similar architecture is proposed. It consists of two cascaded threshold inverter 
comparators and a gain boosting stage. The comparator threshold voltages VTHI are 
obtained by simulation. In standard 0.25µ CMOS technology the authors obtain an 
operation speed of 1 GSPS.  
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In a previous work [5] a method for an automatic determination of the comparator 
threshold voltages is given. The results have shown that the analytical solution proposed 
in [6], which holds when both transistors operate in the pentode area of their characteristic, 
neglects the short-channel effect and cannot be applied for the existing CMOS technology. 
Some aspects of ADC dynamic behavior were discussed. 

 
THRESHOLD VOLTAGE DETERMINATION 

The analytical solution (1) for the comparator threshold voltage VTHI is given in [6], 
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where βN and βP are transistor gain factors, VTN and VTP are the threshold voltages of 
the N-channel and P-channel MOS transistors, VSS is the voltage at the source of the 
NMOS and VDD is the voltage at the drain of the PMOS transistor (Fig. 2). A PSpice 
simulation was used instead and an experimental curve was obtained for the comparator 
threshold voltage VTHI. The parameter k (2) was used to obtain the dependence of VTHI on 
different transistor area ratios.  
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The values of comparator parameters are as follows: VSS = 0V, VDD = 2.5V, k = 0.45÷20, 
and WN/LN = const. The resulting characteristic is given in Fig. 3 

 
Figure 3.  Inverter threshold voltage VTHI as a function of transistor area ratio k 

The non-shaded area of the plot corresponds to the chosen range of 0.8V for VTHI. A 
PSpice macro was used to construct the step function, from which the values of transistor 
area ratio k for a chosen level of quantization were determined. The procedure can be 
easily adapted to different transistor models, input voltage full-scale range and ADC 
resolution.  
 

ADC INVESTIGATON 
The method of area size determination was applied for a LEVEL7 0.18µ CMOS 

technology with minimum square size of 0.44µ. As an example a 3-bit ADC was simulated 
and eight values of k were determined (Table 1). 

Table1.   Transistor area ratio 
VTHI, V k P□/N□ 

1 
1.1 
1.2 
1.3 
1.4 
1.5 

0.91 
1.4 
2.02 
2.95 
4.26 
6.33 

0.44 / 0.48 
0.62 / 0.44 
0.89 / 0.44 
1.30 / 0.44 
1.87 / 0.44 
2.79 / 0.44 
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Table1.   Transistor area ratio 
VTHI, V k P□/N□ 

1.6 
1.7 

9.87 
16.2 

4.30 / 0.44 
7.13 / 0.44 

The area of the top-most comparator does not follow its resolution by an exponential 
law, but depends rather on the input voltage full-scale range. For instance, for 
VFSR = 800 mV, kmax = 16.2, regardless of the chosen ADC resolution. 

 
Transfer characteristics  
The values of the threshold voltages VTHI were recorded at the point of the transfer 

characteristic where the input voltage of the inverter equals its output voltage. A grid of 
equally spaced characteristics was obtained. Afterwards, as in [7], a stage of two 
cascaded inverters was used to increase the gain and to sharpen the transfer 
characteristic (Fig. 4). The transistor area ratio k of the inverters in the second stage was 
chosen ~ 2.4 to obtain optimal values for VTH2nd ~ ½ VDD and approximately equal rising 
and falling edge delays. The threshold voltage displacement caused by the second 
inverter is shown in Fig. 5. It can be seen that the error is less than 3% and the influence 
of the buffer inverter size is negligible.  

 
Figure 4.  Threshold voltage grid for a 3-bit ADC with 

two cascaded inverters 
Figure 5.  Threshold voltage error after the second 

inverter as a function of scaling factor sc, in % 

 
Dynamic behavior  
The time-domain analysis shows that the proposed ADC may operate at speeds up 

to approximately 0.3 GHz without missing code. 
The inverter delays for each bit of the ADC have been investigated (Fig. 6). It is seen 

that the rising edge delay is constant, because of the constant size of the NMOS 
transistor, while the falling edge delay depends strongly on the increasing size of the 
PMOS transistor and is dominant for the overall dynamic behavior of the inverter for larger 
k. The second stage inverters were scaled and their static and dynamic behavior was 
studied. Their delay increases with their scaling factor sc. A trade-off between speed and 
inverter gain has to be made. The experiments have shown that for scaling factors > 5 the 
delay of the inverter stage reaches ~0.5 ns, the overall operation speed of the ADC 
degrades quickly and some distortions in comparator threshold voltages VTHI occur. 

A scaling factor of 2 was chosen for the second stage inverters. Their delay with 
respect to the input capacitance of the decoding stage is given in Fig. 7.  

  
Figure 6.  Rising (lower) and falling (middle) edge Figure 7.  Rising (upper) and falling (lower) edge 
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delays and average value (upper) of the TIC for the 

chosen values of transistor area ratio k (marked with x) 
delays and average value (middle) of cascaded 

inverters for the chosen values of transistor area ratio k 
(marked with x) 

In Fig. 8 and Fig. 9 the output of the ADC in thermometer code and code 1-of-n is 
given.  

 
Figure 8.  Comparator output in thermometer code Figure 9.  Comparator output in code 1-of-n 

It can be seen that the delays of the 1-of-n code on the rising edge of the input signal 
are larger than the ones on the falling edge (Fig. 10). In Fig. 11 the active time period of 
the pulse of each bit of the 1-of-n code is shown.  

  
Figure 10.  Rising and falling edge delays for each bit 

of the 1-of-n code generator 
Figure 11.  Active time of the pulse of the 1-of-n code 

generator 

The differences in the delays of the top-most and the bottom-most bit of the ADC will 
become more significant with the increasing of its resolution. An effort has to be made for 
minimizing these delays, which may lead to some undesired effects during the subsequent 
code conversion and digital output generation.  

 
CONCLUSIONS AND FUTURE WORK 
Some aspects of the design of a high-speed parallel resistorless ADC based on 

CMOS threshold inverter comparators were investigated. The design is based on a 
previously proposed procedure for automated determining of transistor area ratios k for a 
given resolution. The static and dynamic behavior of the ADC was explored. The 
implemented example proves the feasibility and the benefits of such a structure. The 
standard CMOS technology design is simple and suitable for SOC applications, with 
smaller size and power consumption. 

The results obtained so far provide the grounds for making the following conclusions 
and outlining the trends for future research: 

• As it was expected the delays of the different comparator stages are different. For 
higher frequencies this may cause missing codes. More profound investigation must 
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be performed for equalizing the delays without degrading the accuracy of comparator 
threshold levels. 

• An optimal solution for subsequent code conversion and synchronization of the ADC 
has to be elaborated. 

• The influence of the technological process variation as well as the truncation or 
rounding of transistor area ratio k needs more comprehensive investigation. 

• A drawback of the comparator is that the input is not differential. This can be 
mitigated by a differential amplifier at the ADC input. 

• To increase the noise immunity and neutralize any ringing noise on the input line 
without degrading comparison accuracy, a stage with time controllable noise 
immunity (Schmitt trigger with dynamic hysteresis) may be added to the design. 
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FURTHER READING

Click any one of the following links to be taken to a website which contains 
the following documents.

The following are some recent examples of Asynchronous ADC activity off the web. 

6 bit Asynchronous December 2006
Asynchronous ADC In CAD Mentor Graphics
Asynchronous Data Processing System 
ASYNCHRONOUS PARALLEL RESISTORLESS ADC
Flash Asynchronous Analog-to-Digital Converter
Novel Asynchronous ADC Architecture
LEVEL BASED SAMPLING FOR ENERGY CONSERVATION IN LARGE NETWORKS
A Level-Crossing Flash Asynchronous Analog-to-Digital Converter
Weight functions for signal reconstruction based on level crossings
Adaptive Rate Filtering Technique Based on the Level Crossing Sampling
Adaptive Level–Crossing Sampling Based DSP Systems 
A 0.8 V Asynchronous ADC for Energy Constrained Sensing Applications 
Spline-based signal reconstruction algorithm from multiple level crossing samples
A New Class of Asynchronous Analog-to-Digital Converters
Effects of time quantization and noise in level crossing sampling stabilization

Here is some more background information on Analog to Digital converters.

A 1-GS/s 6-bit 6.7-mW ADC
A Study of Folding and Interpolating ADC
Folding_ADCs_Tutorials
high speed ADC design
Investigation of a Parallel Resistorless ADC

Here are some patents on the subject.

4,291,299_Analog_to_digital_converter_using_timed
4,352,999_Zero_crossing_comparators_with_threshold
4,544,914_Asynchronously_controllable_successive_approximation
4,558,348_Digital_video_signal_processing_system_using
5,001,364_Threshold_crossing_detector
5,315,284_Asynchronous_digital_threshold_detector_
5,945,934_Tracking_analog_to_digital_converter
6,020,840_Method_and_apparatus_for_representing_waveform
6,492,929_Analogue_to_digital_converter_and_method
6,501,412_Analog_to_digital_converter_including_a_quantizers
6,667,707_Analog_to_digital_converter_with_asynchronous_ability
6,720,901_Interpolation_circuit_having_a_conversio2
6,850,180_SelfTimed_ADC
6,965,338_Cascade_A_D_converter
7,133,791_Two_mean_level_crossing_time_interval
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http://www.idea2ic.com/Simple_Asynchronous_ADC/A%20simple%20Asynchronous%20ADC.html



